Cloud chamber photographs at 4300 meters elevation show positive and negative electron tracks similar to those 
percent of the exposures on Pike's Peak reveal the presence of strongly ionizing particles which in most cases seem to be protons. The proportion of such tracks is considerably greater than at Pasadena. These heavy tracks in general bear only little relation in direction to that of the incoming beam, and usually arise from a type of nuclear disintegration not heretofore observed. The energies of these heavily ionizing particles may rise to values so high as 150 MEV, thus indicating that the source of the particle energies is in the cosmic rays.
HE magnet cloud chamber apparatus previously operated at Pasadena was used six weeks in the summer of 1935 to make about 10,000 counter-actuated exposures on the summit of Pike's Peak at an elevation of 4300 meters above sea-level. ' A steady magnetic held of 7900 gauss was maintained with a solenoid current of 215 amperes at 110 volts obtained from a portable generator powered by an automobile eng1ne.
Since the same appaI atus was used both 1n Pasadena and on Pike's Peak, the screening material around the cloud chamber was sufhciently similar at both locations to permit reliable statistical comparisons on the occurrence of showers and heavy particles to be made.
I. FREQUENCY OF OCCURRENCE OF ELECTRON2
SHOWERS AND ' The term "e'. actron, " when unmodified shall be taken Phys. Rev. 49, 204, 415 (1936 (1935) .See also recent paper by H. Carmichael, Proc. Roy. Soc. A154, 223 (1936) .
Until the absorption laws of high energy electrons and photons are known the above effects cannot be understood in detail nor can the soft component of the primary cosmic rays be definitely identified, Our direct measurements on the energy loss of electrons passing through fairly thick lead plates {0. 6 -1.0 cm) have shown the occurrence of nuclear radiative impacts in which a considerable fraction of the total energy of the electron is sometimes removed, the measured values of the energy loss being much greater than that due only to ionization along the path and to the production of electron secondaries. " These data, however, as stated at the time, were not adequate to give a reliable value of the average specific energy loss of fast electrons in lead. positron-negatron pairs produced in the plate (13 pairs) by the passage of the 227 electrons is approximately the number to be expected if they are produced by the absorption in the plate of the photons originating in the radiative impacts. No reliable average values of energy loss for higher energy electrons ()300 MEV) have been obtained; however, the several individual particles that have been measured, some of which showed energy losses greater than 1000 MEV/cm of lead, do not so far indicate a breakdown of the theoretical formula at somewhat higher energies (see Fig. 6 ). A more complete discussion of the energy loss of electrons with special reference to the distribution of the observed losses, including also measurements on absorption in substances other than lead will be given later.
The direct energy loss measurements on electrons, so far, furnish no evidence that the theory (1936) . tion of photons and electrons remains approximately valid up to very high energies some well known cosmic-ray phenomena, e.g. , the production of large electron showers; the transition effects; the variation in counting rate of tubecounters arranged out of line to record showers, as a function of the kind and thickness of material above them, etc. , 6nd a qualitative explanation in terms of the production of photons through radiative impacts, and their absorption through pair-production. On the other hand, their interpretation presents some difficulty if one assumes that the theory of absorption of electrons breaks down at high energies to an extent such that the penetrating particles referred to above, can be interpreted as electrons. In particular, the rapid increase in the number of showers with increasing altitude indicates that the photons and electrons producing the showers are highly absorbable and have a high probability of secondary electron production. This large absorbability of electrons and photons is dificult to reconcile with the highly penetrating character of a large fraction of the sea-level particles on the view that the latter FK'. 11. Pike's Peak, 7900 gauss. A proton and an electron ejected from a point in the lead plate by a nonionizing ray. One of our early photographs at Pasadena indicated that such a process could occur and was so interpreted at that time. " The distortion of the low energy proton track due to scattering in the argon and to a motion of the gas, which seems to have occurred in this case, does not permit a measurement of its curvature; the electron's energy exceeds 240 MEU (IIp+8&(10' gauss cm). The nonionizing particle producing the disintegration may be either a photon or a neutron, but the fact that the electron receives most of the energy tends to favor the photon. The spatial distribution of the dense tracks occurring on these exposures is shown in Table  IV, Frc. 12. Pike's Peak, 7900 gauss. A disintegration produced by a nonionizing ray occurs at a point in the 0.35 cm lead plate, from which six particles are ejected.
One of the particles (strongly ionizing) ejected nearly vertically upward has the range of a 1.5 MEV proton, Its energy (given by its range) corresponds to an Hp = 1.7 X 10', or a radius of 20 cm, which is three times the observed value. If the observed curvature were produced entirely by magnetic deflection it would be necessary to conclude that this track represents a massive particle with an e/m much greater than that of a proton or any other known nucleus, As there are no experimental data available on the multiple scattering of low energy protons in argon it is difficult to estimate to what extent scattering may have modified the curvature in this case. The particle is therefore tentatively interpreted as a proton. The other particle ejected upward to the right may be either an electron or a fast proton. The four particles ejected downward are positively charged and do not ionize sufficiently strongly to represent protons of the curvatures shown. If they are positrons their energies are respectively 105, 250,~500 and 60 MEV. The summed energies of the six particles produced in this disintegration must exceed 1000 MEV. Since an electron shower, coming in from above the chamber, occurs on this exposure coincident in time with the disintegration in the plate, the latter probably resulted from an encounter by a photon or neutron which was produced along with the electrons in the shower. The fact that light particles receive so much energy would tend to favor the photon view. This disintegration in which all the ejected particles are probably positively charged represents a process fundamentally different from the usual electron shower; it shows that charge has been removed from the nlclems and made to appear in the form of light particles. (Figs. 11 and 12 ).The probability of this type of nuclear photo-absorption, although apparently much smaller than the probability of producing the positive-negative electron pairs and showers, seems to be large enough to account for many of the strongly ionizing particles observed. Evidence is here found for the first time that electrons also can occasionally disintegrate nuclei and eject from them massive particles. In Fig. 10 
